Species richness of foraminifera assemblages in the Permian succession, contains Dorud, Ruteh and Nessen Formations, in Central Alborz-North of Iran, was estimated and studied based on lithostratigraphy and microbiostratigraphy of Permian. We used four non-parametric estimators to investigate the species richness: Chao 2, Jackknife 1, Jackknife 2 and bootstrap. These methods estimates the species richness based on the presence/absence data of each taxon identified in the samples. We use the submenu of quadrat richness in "Past" [1] software to estimate richness in regional chronostratigraphic stages.The results show that the estimated diversity of foraminiferal assemblages with the exception of late Yakhtashian, increased constantly from Asselian to Murgabian with the highest diversity of foraminifera seen in the Murgabian. The main decrease in foraminiferal species richness happened during the Midian which corresponds to the kamura cooling event.
M. Medadi et al. sample.
2) Beta diversity: shows species composition changes within a community or in a gradient [5] or along with changes in a variety of habitats [6] .
3) Gamma diversity: this is defined as inter-province (across regions diversity) [7] .
Species richness is a numerical index and shows measure of alpha diversity.
This means that to calculate it, the number of each species (number of individuals) in the samples is used. But, there are also other non-parametric methods for the calculation of richness that is used in this study. In these methods, the number of individuals is not need to calculate richness.
There are many examples of the application of this index in palaeontology.
Sepkoski [8] used richness at two genus and family levels for Phanerozoic marine animals and utilized the method of counting the number of taxa. Bentone [9] chose family taxonomic level for his study and used the number of family as richness index. Ruban [10] studies biodiversity of Jurassic foraminifera in northern Kazakhstan at the level of genus and species. Uhen [11] used the number of genera as amount of richness. Vilhena [12] measured species richness by counting the presence or absence of genera in intervals and compared it at palaeo latitudes. Ruban [13] used a similar method to calculate the richness of the Jurassic brachiopods. In this study species richness of Permian foraminifera is estimated from four important non-parametric methods including Chao 2, Jackknife 1, Jackknife 2 and bootstrap [7] . In these methods, richness estimated without counting the number of species in samples, but based on the presence/absence of each taxon in the samples. For this purpose, two outcrops of the Permian strata were selected in Central Alborz and they litho and biostratigraphy was studied at high resolution. The species richness of the recovered for aminiferal assemblages was estimated using presence/absence data of the identified taxa in samples during regional chronostratigraphic (stage and sub stage) intervals.
Geographic, Geological and Palaeogeographic Setting

Geographic Setting
Alborz Mountains extend with a W-E trend along north of Iran. The two studied outcrops are located in the central part of Alborz. The first one is the type section of the Dorud Formation [14] , located at north of the Dorud village. It lies north of Tehran (Figure 1(c) ) with the geographic coordinates: 36˚00 '18. [19] . (b) Main tectono-stratigraphic units of Iran, adapted from [14] . (c) Tectono-stratigraphic subdivision of Central Alborz, major faults and thrusts, modified from [18] . (*) shows location of studied sections.
Km from Karaj-Gazvin highway. The section can be acsessed then by a roadway from Heev to Emamzadeh-Musa to the north.
Geological Setting
The Heev section is situated at the western margin and the Dorud section approximately in the center of Central Alborz representing the middle part of Alborz Mountains in the north of Iran. Aghanabati [15] divided the Iranian platform into three tectono-stratigraphic units including Northern Iran (Turan plate), Central Iran (Iranian plate) and Southern Iran (Zagros plate) by considering two main geo sutures: Palaeo-Tethys and Neo-Tethys (Figure 1(b) ). In this subdivision, Central Iran plate contains several zones and subzones and one of them is the Alborz-Azerbaijan zone which is known as Alborz Block or Alborz Terrane too [16] . The Alborz Mountains according to [15] and [17] can be subdivided into three main subunits containing the Western, Central and East-ern Alborz. The central Alborz is showing W-E structural trend and can be further divided into six subzones based on main faults and thrusts [18] (Figure   1 (c)). Our studied sections are located at the southern Central subzone.
Palaeogeographic Setting
According to [19] [19] shows that the Iranian plate were situated around 20˚S with a North-South trend in the Early Permian. During opening the Neo-Tethys and simultaneous Palaeo-Tethys subduction, it started to move to north rotating counter clockwise at the same time. So, during Late Permian it was placed in tropical latitude with a WE trend (Figure 1(a) ).
Discussion and Methods
To investigate the species richness of foraminifera, two sections of the Permian succession in Central Alborz have been selected and sampled systematically.
Whereas biodiversity is a characterized by ecological and geological factors [20] and geological factors mainly contain fossil and rock records in palaeontology, so it is very important in palaeobiodiversity studies that selected data resources be perfect indicator of main diversity. In other word only perfect rock and fossil record can be representative of biodiversity at geological time. Hence we selected two studied sections by considering these two principals: rock and fossil record and by investigating all the previous studies. In addition since palaeobiodiversity can be considered as a basin scale study, so we did not have any restriction to select separated section for various intervals. As said above, Heev section is one of the thickest Ruteh outcrops (perfect rock record) in Central Alborz and have an acceptable fossil record of foraminifera according to previous studies such as [21] . However in the Heev section, Dorud Formation though having great thickness does not contain all of the distinguished foraminifera biozones. Therefore we selected another and better section that has a more perfect fossil record.
After preparation of thin sections we studied them micropalaeontologically.
We identified all foraminifer genera and species in thin sections and then drew their extension line in a lithostratigraphic column (rang chart). Biostratigraphy is done based on lithostratigraphy and extension of taxa and index genus and species. We separated Permian stages (Asselian to Dzhulfian) and then inserted presence/absence data of taxa in Past [1] software data sheet (Table 1 and Tables 2(a)-2(f) see Appendix). So we could estimate species richness in four methods by quadrat submenu of diversity menu in Past [1] and then we plotted them in a curve diagram by using Excel.
Lithostratigraphy
Dorud Section
The type section of the Dorud Formation (or Dorud Group as recommended by 
Heev Section
The Permian outcrop in the Heev section includes The Dorud, Ruteh and Nessen formations (Figure 2 
Biostratigraphy
To estimate the species richness in stages we used Tetyan stages defined by Leven [23] and defined regional substages and biozones in this study. Due to the scarce presence of larger foraminifera, smaller foraminifera have been preferentially used for Permian biostratigraphy in Central Alborz [24] . For our investigation, we used previous studies and suggested biozones such as: [21] [23]- [29] . We identified about 200 foraminifera taxa and drew their range chart and then separated stages from Asselian to Dzhulfian by using index taxa and biozones ( Figure 3 and Figure 4) . We used or defined 9 biozones for studied Permian succession as follow:
(1) Nankinella-Anderssonites-Pseudoschwagerina assemblage zone (Dorud Formation; Asselian); The age of the Dorud Formation is Gzhelian (Uppermost Carboniferous) to Sakmarian according to [14] (2) Sphaeroschwagerina-Nodosinelloides pinardae-Rectogordius iranicus assemblage zone (Dorud Formation; Sakmarian); Some important genera and species appearances take place in this stage: Nodosinelloides pinardae and Deckerella elegans [31] , Mesolasiodiscus costiformis [29] , Rectogordius iranicus [32] . FAD of Sphaeroschwagerina is Asselian, but there are few species which range into early Sakmarian [22] . The other attendant taxa of the Sakmarian assemblage are: Eolasiodiscus sp., Permodiscus sp., Pseudovidalina sp., Schubertella sphaerica, Eoschubertella sp., Pseudofusulina sp., Praepseudofusulina urumarensis, Triticites parvus, Sphaeroschwagerina sp., Staffella sp., Staffella sphaerica, Globivalvulina pergrata, Globivalvulina sp., Nodosinelloides netchajewi, Langella seminulata, Nodosinelloides pinardae ( Figure 5 [33] , Nodosinelloides cubanicus [31] , Cribrogenerina permica [29] . This assem- [31] and appearance of Pachyphloia such as P. ovata, P darvasica, P. paraovata. Other taxa that this assemblage consist are: Howchinella sp., Langella acanthi, Pseudoglandulina sp., Langella pulchra, Nodosinelloides sp., Pachyphloia darvasica, Protonodosaria proceraformis, Protonodosaria sp., Tetrataxis bashkirica, T. maxima, T. hemisphaerica, Multidiscus sp., Glomospira sp., Codonofusiella sp., Nodosinelloides treta, Basalina sp., Mesolasiodiscus sp., Agathammina multa, Pachyphloia ovate ( Figure 5 , Plate 4).
(5) Globivalvulina graeca-Neoendothyra parva asssemblage zone (Ruteh Formation; Kubergandian); We remarked lower boundary of Kubergandian with Globivalvulina graeca-Neoendothyra parva biozone, represented by [25] . Filimonova [29] suggested Rectoglandulina biozone for Kubergandian of western Tethys that we identified two species from it. This assemblage consist:
Tetrataxis hemiovoides, Lasiodiscus sp., Agathammina sp., Agathammina asymmetrica, Agathammina darvasica, Minojapanella sp., Langella cukurkoyi, Pseudolangella fragilis, Pachyphloia laxa, Geinitzina minima, Climacammina sp., Neoendothyra reicheli, Deckerella clavata ( Figure 6 , Plate 5).
(6) Neoschwagerina-Globivalvulina Vonderschmitti Paleotextularidae assemblage (Ruteh Formation; Murgabian); Kubergandian-Murgabian boundary characterized by appearance of lower Murgabian taxa such as Neoschwagerina [23] [33] [35] . The accompany assemblage that aged early Murgabian consist Dunbarula, Biseriaminidae [22] , Cryptoseptida, Lunaccammina, Frondinodosaria [24] . Upper Murgabian characterized by assemblage that consist: Neoendothyra [33] , Paleotextularidae [22] , Globivalvulina vondershmitti [25] . Some other species of Murgabian assemblage are: Cribrogenerina sumatrana, Neoendothyra broennimanni, N. parva, Deckerella composite, Palaeotextularia sumatrensis, Climacammina moelleri, C. major, C. valvulinoides, Geinitzina tauarica, G. reperta, Pachyphloia schwageri, P. linae, P. pedicula, P. cukurkoyi, P. multiseptata, Lunaccammina sp., Frondicularia pyrula, Codonofusiella nana, Dunbarulla nana, Minojapanella elongate, Neoschwagerina simplex, Globivalvulina bulloides, Nodosinelloides ovalis ( Figure 6 , Plate 6).
Hemigordius ovatus-Chusenella-Dagmarita assemblage zone (Ruteh Formation; Early Midian); Midian index taxa are: Hemigordius ovatus [26] , Dagmarita [25] , Codonofusiella erki [16] , Chusenella [33] . Other taxa accompanied assemblage are: Pseudovidalina sp., Agathammina sp., Globivalvulina cyprica, Robuloides lens, Basalina akasakensis, Kahlerina sp., Paraglobivalvulina mira, P. sp., Partisania sp., Frondinodosaria Pyrula, Nodosinelloides longissima, Diplosphaerina inaequlis, Pseudolangella bozorgniaeb ( Figure 6 , Plate 7). and at studied section too. We aged Nesen Formation early to late Dzhulfian that characterize by Reichelina [22] [33] [36] , Robuloides and Ichtyolaria [24] , Rectostipulina [24] [27] [33] . This biozone contains other taxa such as: Postendothyra tenuis, Rectostipulina pentamerata, Rectostipulina quadrata, Postendothyra novitzkiana, Geinitzina primitiva, Pachyphloia robusta, P. aucta, P. iranica, P. angulata, Cryptoseptida anatoliensis, Calvezina sp., Reichelina sp., Calvezina ottoman, Frondina permica, Ichtyolaria primitiva, Codonofusiella laxa, C. schubetelloides, C. tenussima, Dagmarita sp. (Figure 6 , Plate 8). We did not have any evidence for Dorashamian age in Nessen Formation rocks.
Species Richness Measurement Method
There are different methods to measure species richness. In the simplest case, it is equal to the number of observed species in the sample: R = S where R is richness and S is number of species counted in samples. However there are many examples of using other taxonomic levels in palaeontology. Two general approaches to calculate (estimate perhaps better expression) index there are: (1) by measuring the presence or absence of species in samples and (2) by counting the number of individuals of each species (abundance) in samples. We used the first method, where some random standard samples are selected and then species presence/absence data are extracted and richness in total of samples is calculated.
The four important equations for richness calculation in this method are [7] : (Table 1 and Tables 2(a) 
Conclusion
The trend of species richness shows that all of four computational approaches have quite similar trends and slight differences in their amounts are the result of different equations used. The chart is showing a species richness increase from Asselian to Murgabian with a maximum value in the Murgabian. This is comparable with high productivity in low latitude ocean [37] . This could be due to the stability of the environment and good living conditions. In this condition, species richness increase by the time and by increasing the number of species and size of the population. During the Midian a sharp drop in the diversity is seen. This drop is comparable to the same results for bivalves [38] and brachiopods [39] and probably caused by the kamura cooling event [37] . These are same as [40] results that showed two extinction in Maokovian and Changhsingian for both fusulinid and non-fusulinid foraminifera too. In Dzhulfian, foraminifer richness increases similar to other taxa at the global level. Diversity changes trend in this study is similar to the results of our previous study [41] at Abe-Garm section by using the method suggested by [42] for standing diversity calculation.
